To search for bulk motions of the intracluster medium, we analyzed the X-ray spectra taken with the Suzaku satellite and measured the Doppler shift of Fe-K line emission from eight nearby clusters of galaxies with various X-ray morphologies. In the cores of the Centaurus and Perseus clusters, the gas bulk velocity does not exceed the sound velocity, which confirms the results of previous research. For the Cen45 subcluster, we found that the radial velocity relative to the Centaurus core, < 780 km s −1 , is significantly smaller than that reported in the optical band at the 3.9σ level, which suggests an offset between the gas and galaxy distributions along the line of sight due to the subcluster merger. In A2199, A2142, A3667, and A133, no significant bulk motion was detected, indicating an upper limit on the radial velocity of 3000 − 4000 km s −1 . A sign of large bulk velocity in excess of the instrumental calibration uncertainty was found near the center of cool-core cluster A2029 and in the subcluster of the merging cluster A2255, suggesting that the nonthermal pressure support is not negligible in estimating the total gravitational mass of not only merging clusters but also relaxed clusters as predicted by numerical simulations. To improve the significance of the detection, however, a further examination by follow-up observations is required. The present study provides a pilot survey prior to the future high-resolution spectroscopy with ASTRO-H, which is expected to play a critical role in revealing the dynamical evolutions of clusters.
Introduction
Galaxy clusters comprise the largest structures in the universe and the precise knowledge of their mass structures is important for understanding the history of structure formation and to constrain the still unknown types of dark content of the universe. The clusters are believed to have grown into their present shapes via collisions and mergers of smaller groups and clusters. If such objects collide under gravitational attraction, a huge amount of energy can possibly be released. A certain fraction of this energy is expected to heat the intracluster medium (ICM), generate nonthermal particles through shock waves, and induce bulk and turbulent gas motions. Earlier simulations have predicted that the gas bulk motion with the speed of a substantial fraction of virial velocity (> 1000 km s −1 ) will persist for several giga years (e.g., Roettiger et al. 1997; Norman & Bryan 1999; Ricker & Sarazin 2001; Dolag et al. 2005) .
If the kinetic velocity of the gas is larger than its sound velocity, nonthermal pressure cannot be neglected in estimating the total gravitational mass inside the cluster. Nagai et al. (2007) used numerical simulations to show that the hydrostatic mass estimate is biased low by approximately 5-20% even in relaxed clusters. This result can be primarily attributed to an additional pressure support provided by the bulk motions in the ICM. The departure from the hydrostatic assumption is one of the largest sources of systematic uncertainties in cluster cosmology (e.g., Lau et al. 2009; Rasia et al. 2012; Ettori et al. 2013 ).
The bulk and turbulence gas motions produce Doppler shifts in emission lines from heavy irons in the ICM and modify the line profiles (Inogamov & Sunyaev 2003) . A line-of-sight velocity of 1000 km s −1 corresponds to a 22 eV shift in the 6.7
keV Fe-K line energy. Therefore the Doppler-shift measurement requires not only a high energy resolution and a good sensitivity but also a precise instrumental energy-scale calibration.
Observational efforts that used X-ray charge-coupled device (CCD) detectors with a typical energy resolution of 150 eV have constrained gas motion (for review, Ota 2012) . On the basis of careful assessment of the energy scale of the X-ray Imaging Spectrometer (XIS; Koyama et al. 2007 ) onboard the Suzaku satellite (Mitsuda et al. 2007 ), Ota et al. (2007) placed an upper limit of 1400 km s −1 on bulk motions in the Centaurus cluster and suggested that the cluster mass estimated under the hydrostatic assumption is justified within a factor of 2-3. Similar measurements that used XIS data have been conducted in several nearby clusters: the upper limit on the bulk motion was derived for the Ophiuchus cluster, AWM7, A2319, the Coma cluster, and A3627 (Fujita et al. 2008; Sato et al. 2008; Sugawara et al. 2009; Sato et al. 2011; Nishino et al. 2012) , and possible detection of gas bulk flow in Centaurus and A576 was reported by Chandra (Dupke et al. 2007; Dupke & Bregman 2006) . Thus far, bulk motions has been properly detected in only one cluster: a large radial velocity of a subcluster region relative to the main cluster, 1500 km s −1 , was found in A2256
by Suzaku (Tamura et al. 2011) . They suggested that the gas and galaxies are moving together in the cluster potential as a single subcluster. Doppler line broadening has been measured by the Reflection Grating Spectrometer on XMM-Newton, and Sanders et al. (2010) obtained a strong upper limit on the turbulent motion (< 200 km s −1 ) in several objects. Pinto et al. (2015) measured the turbulent line broadening for the RGS cluster sample and reported that upper limits generally range between 200 − 600 km s −1 in the 0'.8 and 3'.4 core regions.
These previous studies demonstrated that the Suzaku/XIS spectroscopy enables meaningful constraints to be placed on bulk velocity distribution and is complementary to the turbulence measurements by the gratings, which can be performed only at the innermost region. The number of sample, however, is still insufficient for clarifying the detailed velocity structure of the ICM and for understanding the role of kinetic gas motion in the precise cluster mass estimation. In this study, we perform a systematic search for gas bulk motion in nearby clusters by utilizing the Suzaku archive data. The sample includes eight clusters in the nearby universe that have a wide range of X-ray morphology. We aim to constrain the presence of gas bulk motions and to determine the dynamical state of clusters by comparing the velocity structure of the ICM with that of member galaxies in the optical band. This study provides an important pilot survey prior to the ASTRO-H mission (Takahashi et al. 2014) because it ranks the investigation of turbulent and macroscopic gas motions as main objectives of high-resolution spectroscopy .
Throughout this study, we adopt ΩM = 0.27, ΩΛ = 0.73, and H0 = 70 km s −1 Mpc −1 . The quoted statistical errors refer to the 68% confidence ranges, unless stated otherwise.
Observation and data reduction
To investigate the ICM velocity structure and its possible relationship with the X-ray morphology, the sample was selected to include clusters with cool cores, cold fronts, and subcluster mergers. The observational features of individual clusters will be mentioned in detail in §4.1. Because a measurement of the Doppler shift of the Fe-K emission line requires a good photon statistics, the sample was limited to nearby objects with the 2-10 keV X-ray flux 10 −11 erg s −1 cm −2 within the Suzaku data archive. As shown in Table 1 , the sample consists of eight nearby clusters including the Centaurus and Perseus clusters, A2199, A3667, A133, A2029, A2255, and A2142. The redshift values of the target clusters, z cl , were cited from the NASA/IPAC Extragalactic Database, except for the Centaurus cluster (z = 0.0104; Dickens et al. 1986 ) and A2142 (z = 0.0909; Owers et al. 2011 ). We utilised X-ray spectral data obtained with XIS onboard the Suzaku satellite because it has an excellent sensitivity at the Fe-K line energies and the lowest background. The XIS consists of four X-ray CCD cameras including three front-illuminated (FI) CCDs (XIS-0, XIS-2 1 , XIS-3) and one back-illuminated (BI) CCD (XIS-1). The XIS was operated in normal modes during the observations. The details of the observations are given in Table 1 , and the XIS images are shown in Fig. 1 . Data reduction was performed by using HEASOFT version 6.16, together with the calibration database released on October 1, 2014. We extracted light curves to confirm that the count rates are constant within the photon statistics. As we will detail in §3, spectral analysis was performed in two types of energy ranges including 0.7-10 keV and 5-10 keV. For the 0.7-10 keV band, the background was estimated from the blank-sky data obtained during the Lockman Hole observations, whereas the background for the 5-10 keV band is dominated by an instrumental non-X-ray background and was thus calculated using the xisnxbgen tool in the HEASOFT package. The energy response files were generated by using xisrmfgen, and the auxiliary response files were calculated using xissimarfgen (Ishisaki et al. 2007) , in which the X-ray surface brightness of each cluster was modeled by the β-model (Mohr et al. 1999; Lieu et al. 2006 ).
The corners of the XIS CCD cameras illuminated by 55 Fe calibration sources, as well as circular regions with radius 1 ′ centered on point sources detected in the XMM-Newton images were excluded from spectral integration regions. Here the XMM-Newton MOS data were reduced through the standard manner by using Science Analysis System (SAS) version 13.0.0. The event files were created by using the emchain tool in the SAS package. We confirmed that the contribution from the point sources was negligible in our Fe-line analysis by changing the extraction radii between 0'-1'.5.
Spectral analysis and results
To study the dynamical state of ICM, we measured the redshift of Fe-K emission lines for eight clusters of galaxies. The definition of spectral regions is described in §3.1. The method and results of spectral fitting are shown in §3.2. Because the accurate calibration of the energy scale is critical for the present purpose, we estimated the systematic error associated with the spectral analysis in §3.3 and constrained the velocity of ICM bulk motions in §3.4.
Definition of spectral regions
The analysis consisted of two steps: (i) We first measured the redshift of the Fe-K lines, z, by using X-ray spectra accumulated from the entire 18 ′ × 18 ′ XIS field of view (FOV) to infer the mean radial velocity of the ICM. (ii) We further divided the FOV into smaller cells to constrain the spatial velocity distribution if the cluster emission was bright enough to obtain sufficient photon statistics in each cell. Although the actual physical scales of the cells may differ depending on the distance to the object, we hereafter refer to the above two cases simply as (i) the large-scale (18 ′ ) and (ii) the small-scale (4 ′ .5 − 9 ′ .0) velocity measurements. For (i) the large-scale velocity measurements, we defined the spectral regions by the size of the XIS FOV. For five clusters (Centaurus, A2199, A3667, A133, and A2029), the spectra were extracted from each FOV of multiple pointing data as shown in Fig. 1 . For the remaining clusters (Perseus, A2255, and A2142), only the central pointing data were used. Note that for the north region of A3667, spectra from a common area of two datasets (A3667 NW1 and NW2) were analyzed and are referred to as A3667 NW. For the multiple pointing data, the region identification numbers designated in Table 3 are shown in Fig. 1 For (ii) the small-scale measurements, we divided the XIS FOVs into smaller cells. The cell sizes were chosen so that the Fe-K line spectrum contained at least 100 photons except for some very faint areas near the edge of the XIS cameras. This allows a redshift determination to the accuracy better than 10% in majority of cells. As shown in Fig. 2 , XIS spectra were extracted from 4 × 4 cells (i.e., 1 cell = 4 ′ .5 × 4 ′ .5) in Perseus, A2199, A3667, and A2142, and 2 × 2 cells (i.e., 1 cell = 9 ′ × 9 ′ ) in A2029 and A2255. Note that we show fitting results for all the cells in the table and figures, but exclude the faint areas near the CCD edge for which only loose constraint is obtained when we estimate the upper limits on bulk velocity.
Redshift determination by spectral fitting
The redshift of the Fe-K line was calculated from the relation z = (E0 − E obs )/E obs , where E0 and E obs are the centroid energies of the He-like Fe-K line complex in the rest flame and the observed flame, respectively. Fig. 3 shows the centroid energy E0 expected in the case such that the He-like Fe-K line complex is convolved with the XIS energy resolution at a full width at half maximum (FWHM) of 150 eV at 6.7 keV. To be strict, because E0 changes with gas temperature, both E0 and E obs are required to determine z in each cluster region.
To quantify the rest-frame line energy E0, the mean gas temperature was determined by simultaneously fitting the XIS FI and BI spectra of the central pointing of each cluster in the 0.7-10 keV band to the Astrophysical Plasma Emission Code (APEC) model (Smith et al. 2001) . Note that for A133, the spectra taken from A133 W was used and for the Centaurus cluster, the Cen45 subcluster was also analyzed. The temperature, metal abundance, and the normalization factor were allowed to vary, whereas the Galactic hydrogen column density, NH, was fixed to a value from the Leiden/Argentine/Bonn survey (Kalberla et al. 2005) . The results of the APEC model fitting and E0 are shown in Table 2 . Because the singlecomponent APEC model did not give a sufficient fit to the spectra of Centaurus (e.g., Ikebe et al. 1999; Sakuma et al. 2011) and Perseus (e.g., Tamura et al. 2009 ), two-component APEC models were applied to these two clusters. The parameters of the hotter component are shown in Table 2 .
To accurately measure the line centroid E obs for the cases (i) and (ii), the XIS spectra were analyzed in the following manner, which is the same as that reported by Ota et al. (2007) . The 5-10 keV spectra were fitted to a model consisting of continuum emission represented by the APEC model with a metallicity of Z = 0 solar and three Gaussian lines for He-like Fe K line complex, H-like Fe Kα, and a blend of He-like Ni Kα and He-like Fe Kβ lines. The gas temperature of the APEC model and E0 were fixed to the mean values derived above. The Gaussian width was assumed to be 0 because the intrinsic line width is smaller than the instrumental energy resolution and it does not affect the present analysis. Figure 4 shows an example of the spectral fitting. For A2255 cell No. 4, spectra from a common area of two data sets were co-added because they gave statistically consistent fitting results: z = 0.0720 ± 0.0037 (A2255 C) and z = 0.0743 ± 0.0026 (A2255 NW).
The XIS spectral bins in each cluster region were grouped so that each spectral bin contains more than 20 photons and the chi-squared fitting was performed by XSPEC version 12.8.0. The right panels in Figures 1 and 2 show the ICM redshift values obtained from the spectral fitting for (i) and (ii), respectively.
Systematic error of the Fe line centroid energy
To estimate the systematic error of the iron line energy, we checked the centroid energies of the Mn-K lines from the buildin calibration sources that illuminates two corners of each XIS chip. We extracted spectra of the calibration sources and fitted Tables 3-4 , were typically σz,sys = 0.001 and σv,sys = 300 km s −1 for z = 0.01.
3.4 Constraints on the gas bulk velocity Figure 1 shows that the ICM redshifts obtained in the case of (i) the large-scale measurements. For the eight clusters the fitted redshifts agree with the optical values (z cl ) within the systematic errors. As shown in Fig. 2 , in case of (ii) the small-scale analyses, the redshifts in Perseus and A2142 were consistent with z cl within the systematic errors. On the contrary, some cells in A2199, A3667, A2029, and A2255, showed a shift of ∆z = (z − z cl ) in excess of the 1σ systematic error range.
The line-of-sight bulk velocity (i.e., the radial velocity relative to the optical cluster redshift) in each spectral region was calculated by ∆v = c∆z and shown in Tables 3 and 4. The above results indicate that significant bulk motions exist in some cells in the cluster center. If both statistical and systematic errors are considered, the significance of the bulk velocity is 1.6 − 1.8σ for A2199 cell Nos. 2, 7, 9, and 14, 1.6σ for A3667 cell No. 4, 2.1σ for A2029 cell No. 1, and 2.6σ for A2255 cell No. 4, respectively. Here the standard deviation σ is given by a quadrature sum of the 1σ statistical and systematic errors, σtot = (σ Figure 5 shows the XIS spectra of the Fe-K line emission from these objects.
As shown in Table 5 and Figure 5 , we found that the ICM in the Cen45 subcluster has a redshift consistent with that of the main cluster z cl = 0.0104 but is different from that of the subcluster in the optical band z sub = 0.0155 at the 3.9σ significance. The origin of the redshift difference is discussed in §4.1.1.
Discussion
On the basis of the Suzaku/XIS spectral analysis and careful assessment of the systematic error of the energy scale, we measured the Doppler shift of He-like Fe-K line emission to search for the ICM bulk motion in the central regions of eight nearby clusters. A signature of gas bulk motion on the order of 1000 − 2000 km s −1 was discovered in A2029 and A2255.
On the contrary, no significant bulk motion was detected in five clusters. In §4.1, we compare the velocity distributions of ICM measured in §3 with those of member galaxies for individual clusters to infer the dynamical evolution of clusters. In §4.2, we discuss the impact of ICM bulk motion on the estimation of cluster gravitational mass under the assumption of hydrostatic equilibrium.
Velocity structures of gas and galaxies in individual clusters

The Centaurus cluster
Optical observations of the Centaurus cluster show that this cluster has a bimodal velocity distribution of galaxies: one is associated with the main cluster centered on NGC 4696, and the other with the Cen45 subcluster centered on NGC 4709 ). The Cen45 subcluster has a large velocity difference of +1500 km s −1 relative to the main cluster. Previous ASCA observations show a temperature excess in the subcluster region (Furusho et al. 2001 ).
The present analysis using the latest XIS energy response yielded the redshift values for the three pointings centered on the main cluster (i.e., Centaurus cluster, Offset1, and Offset 2), which is consistent with earlier results by Ota et al. (2007) . This result confirms that the bulk velocity does not largely exceed the sound velocity in the cluster core.
As shown in Table 3 , the fitted redshift of Cen45 (0.0116 ± 0.0005) is higher than that of the center (0.00975 ± 0.00007); however, the difference is within the range of their systematic errors. Recently, Walker et al. (2013) confirmed the temperature excess near Cen45 on the basis of the XMM data. They modeled XMM spectra of Cen45 by superposition of two emission components from the main cluster and the Cen45 subcluster. We thus fitted the XIS spectra from a r = 7 ′ circle centered on NGC 4709 by including their best-fit model for the z = 0.0104 main cluster component in our background model to obtain the Cen45 redshift as 0.0105 ± 0.0011. Therefore the redshift difference relative to the optical subcluster is significant at the 4σ level.
The 90% upper limit on the radial velocity of the ICM in the Cen45 subcluster was estimated as |∆v| < 760 km s −1 . This value is twice smaller than that of the galaxies, at +1500 km s −1 , suggesting the presence of an offset between the mass centroids of the ICM and galaxy distributions along the sightline. A spatial segregation between a dissipationless stellar component and fluid-like X-ray emitting plasma has been discovered in on-going mergers such as the Bullet cluster (Clowe et al. 2006 ) and A2744 (Merten et al. 2011 ). Thus the above result supports that the Centaurus cluster has experienced a subcluster merger along the line of sight and gas near Cen45 has been heated by the strong shock (Walker et al. 2013; Churazov et al. 1999 ).
The Perseus cluster
The Perseus cluster is a nearby relaxed cluster with a cool core at the center. This cluster is one of the brightest in the sky and has an intense Fe line emission. The velocity dispersion of member galaxies is approximately 1000 km s −1 (Kent & Sargent 1983) . The XIS spectra analysis of 4 × 4 cells in the center showed that the bulk velocity does not significantly exceed the sound velocity of the ICM. The 90% limit on the radial velocity is |∆v| < 830 km s −1 , which is comparable to that obtained for the Centaurus cluster and also agrees with an in-depth analysis of Suzaku's multiple pointing data (Tamura et al. 2014) .
A2199
A2199 is a nearby relaxed cluster with smooth and symmetric gas morphology. The cD galaxy hosts a radio jet and its interaction with the surrounding gas was shown by the ROSAT obser- vations (Owen & Eilek 1998) . Sanders & Fabian (2006) found a density jump in the cluster center, implying a Mach number ∼ 1.5 shock. In addition, deep Chandra observations showed the presence of gas sloshing due to a minor merger (Nulsen et al. 2013) .
From the XIS analysis of the central region, we found a sign of large bulk velocity ∆v ∼ +700 − +2000 km s −1 in cell Nos. 2, 7, 9, and 14, suggesting that the gas motion is associated with the infalling subcluster as indicated by Chandra data. Considering the calibration error, the significance of the detection of ICM motion is 1.6 − 1.8σ, thus needs to be improved by follow-up observations.
A3667
A3667 is a merging cluster with an elongated X-ray morphology. Cold fronts were detected by Chandra observations (Vikhlinin et al. 2001) . The spatial and redshift distributions of member galaxies are bimodal (Owers et al. 2009 ). Their mean radial velocities are separated by 500 km s −1 and the maximum velocity gradient across the cluster is 2800 km s −1 . This cluster exhibits two radio relics and a temperature discontinuity, suggesting that A3667 has recently experienced a strong merger shock (Roettiger et al. 1999; Akamatsu et al. 2012 ).
The redshifts of Fe-K lines measured for A3667 Center and NW (Fig. 1, Table 3 ) are consistent with the optical values of z = 0.0555 and 0.0567 for the two regions, respectively. Given the measurement uncertainties, however, the velocity difference between the two regions is not significant, resulting in 90% limit on the radial velocity < 2800 km s −1 from the large-scale measurements. Although a large bulk velocity of +1510 ± 960 km s −1 is marginally detected in cell No. 4, we did not find any significant bulk motion in the cluster center (Fig. 2, Table 4 ), giving the 90% limit |∆v| < 3500 km s −1 from the small-scale measurements.
A133
A133 is an X-ray luminous cluster hosting a cD cluster and a radio relic. Chandra observations showed that the central cool core is irregular and extends to the northwest of the cD galaxy (Fujita et al. 2002) . From XMM observations, a cold front was detected to the southeast of the cluster core and an upper limit to the velocity of the core relative to the rest of the cluster was estimated as < 230 km s −1 in the context of the Kelvin-Helmholtz instability around the core (Fujita et al. 2004) . Using a wavelet analysis of galaxy positions, Randall et al. (2010) found three distinct substructures in the cluster. They also identified a concentration of galaxies to the southwest, whose radial velocity histogram is peaked at approximately −1000 km s −1 .
We did not find any significant variation in ICM velocity among the four pointing regions and placed the upper limit on the ICM radial velocity |∆v| < 3300 km s −1 at the 90% confi-dence level.
A2029
A2029 is an X-ray bright, relaxed cluster, hosting a cool core at the center. A high gas temperature of 7 keV and velocity dispersion of 1430 km s −1 (Dressler 1979 ) indicate a large gravitational mass. On the basis of deep Chandra observations, Paterno-Mahler et al. (2013) reported that there is a spiral structure in the core region produced by sloshing motion of the ICM.
In the southeast region (cell No. 1), we detected a lineof-sight gas motion in excess of the systematic error. The analysis of Suzaku data yielded the velocity difference ∆v = −1440 ± 700 km s −1 . Thus, the detection is significant at the 2.1σ level. The measured gas velocity is likely to be larger than that expected for the sloshing motion in the cluster, at ∼ 300 km s −1 (Paterno-Mahler et al. 2013 ). The gas bulk motion will introduce a systematic uncertainty in the cluster mass, which will be discussed in the next subsection.
A2255
A2255 is a nearby rich cluster with an elongated X-ray morphology (Burns et al. 1995) . The asymmetric temperature distribution (Sakelliou & Ponman 2006) and the presence of radio halo and relics (Pizzo & de Bruyn 2009) indicate that the cluster has undergone a recent merger. In the optical, A2255 has a large velocity dispersion of 1200 km s −1 and several substructures approximately 10 ′ − 15 ′ from the center. In particular, the NW and SE subclusters have a radial velocity of −920 and +870 km s −1 , respectively (Yuan et al. 2003) , which is also indicative of mergers.
From the Gaussian fitting to the Fe-line spectra in 2 × 2 cells, the redshift of the NW region (cell No. 4) was obtained as z = 0.073 ± 0.003. This value is lower than that of optical redshift of the main cluster z cl = 0.0806 and is rather close to that of the NW subcluster 0.077. From the XIS analysis, the velocity difference between the main cluster and NW subcluster was determined as |∆v| ∼ 2100 km s −1 , which is comparable to that of A2256 reported by Tamura et al. (2011) . The present results support the idea such that the gas and galaxies are moving together as a single substructure within the cluster potential.
Considering the the accuracy of the XIS energy-scale, the detection of gas motion in the NW region is at the 2.6σ significance. A further examination, however, must await follow-up X-ray observations of subcluster regions.
A2142
A2142 is a nearby merging cluster and is the first object in which cold fronts were identified by Chandra (Markevitch et al. 2000) . This cluster is hot and X-ray luminous and has two cD galaxies near the center. The line-of-sight velocities of these galaxies differ by 1600 km s −1 (Oegerle et al. 1995) , suggesting that the cluster is not dynamically relaxed. Owers et al. (2011) utilized the spatial and spectral data of member galaxies to identify many group-scale substructures in A2142. Two of the subgroups denoted as S1 and S2 are located at 1 ′ .8 and 10 ′ off of the cluster center. S1 is centered on the secondary cD galaxy, whereas S2 has a mean velocity of approximately 1700 km s −1 relative to the main cluster mass peak.
The redshifts derived from the XIS spectral analysis are consistent with the optical values within the current XIS calibration uncertainty. The S1 and S2 substructures as well as the main cluster peak are inside the XIS field of view. No significant bulk motion associated with the optical substructures was detected by Suzaku, giving the 90% upper limit |∆v| < 4200 km s −1 .
Impact of Gas Bulk Motions on Cluster Mass Estimation
If significant bulk motions exist, a contribution of nonthermal pressure must be considered in estimating the cluster mass. Table 5 shows a comparison of the ICM bulk velocity with the sound velocity s = (γkT /µmp) 1/2 in the cluster center in which the sign of bulk motions was observed. Here, γ is the adiabatic index and mp is the proton mass. Their bulk velocity is marginally larger than the sound velocity. On the basis of the Suzaku observations of the Centaurus cluster, Ota et al. (2007) investigated the possible impact of nonthermal pressure on the cluster mass estimate assuming simply that the gas is rotating at a circular velocity σr. The balance against the gravitational pull at a radius r is given by
where M (r) is the cluster mass interior to r, ρgas and Pgas are the gas density and thermal pressure, and f is a fraction of the ICM that is rotating. Thus the total cluster mass should be higher than the hydrostatic mass by a factor of (1 + f βr) because of the presence of additional pressure support.
We calculate the mass correction factor (1 + f βr) assuming σr to be given by the observed ∆v (Table 5) . Following the same manner as in Tamura et al. (2014) , f is approximated by the emission fraction from an interesting cell. As a result, the mass correction factor is estimated to be 1.9, 2.4 for A2029 cell No. 1, A2255 cell No. 4, respectively. Therefore, the results indicate that the nonthermal pressure support cannot be neglected in some regions of both mergers and relaxed clusters as suggested by the numerical simulations. These are, however, crude estimations and more accurate information on the spatial velocity structure is required to improve the precision of the mass determination.
The SXS microcalorimeter on board the ASTRO-H satellite is a non-dispersive spectrometer and enables high-resolution (5 eV) observations in the X-ray regime . SXS can measure the Doppler shift and broadening of iron lines caused by kinetic gas motions to an accuracy of 100 km s −1 , which plays an critical role in revealing the dynamics of clusters (e.g., Nagai et al. 2013; Ota 2012; Kitayama et al. 2014) .
Summary
We used the Suzaku satellite to search for gas bulk motion in eight nearby clusters with a variety of X-ray morphologies. From the model fitting to the Fe-K line spectra, the Doppler shift was measured to high accuracy. The velocity structure of gas was compared with that of member galaxies in the optical band to study the dynamical states of clusters. This study is also important as a pilot survey for the future high-resolution spectroscopy with the X-ray microcalorimeter onboard ASTRO-H. In the cores of Centaurus and Perseus, we confirmed that the bulk velocity does not largely exceed the sound velocity. For the Cen45 subcluster, we found that the upper limit on the ICM radial velocity (|∆v| < 760 km s −1 ) is significantly smaller than that of galaxies, suggesting that there is an offset between the gas and galaxy distributions along the line of sight due to the subcluster merger.
In the cool-core cluster A2199, we found a sign of large bulk velocity, however, the significance is not sufficiently high to claim the detection. For two merging clusters with cold fronts, A2142 and A3667, and a cluster with an irregular cool core, A133, no significant gas motion was detected, yielding the 90% upper limit of 3000 − 4000 km s −1 .
A sign of large bulk velocity in excess of the XIS calibration uncertainty was found in the cool-core cluster A2029, and in the A2255 subcluster. We examined the impact of nonthermal pressure support in the cluster mass estimation to find it is not negligible in some regions of both relaxed and merging clusters as predicted by numerical simulations. To improve the significance of the detection, however, a further examination by follow-up observations is required.
We expect that upcoming high-resolution observations with ASTRO-H will determine the ICM velocity structure more accurately and will clarify the contribution of nonthermal pressure support in the cluster mass estimation. 
